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SPECIFICATION 

A MATERIAL OF LOW VOLUME RESISTIVITY, AN ALUMINUM 



NITRIDE SINTERED BODY AND A MEMBER USED^FOR^THE" 
PRODUCTION OF SEMICONDUCTORS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a ceramic material of low volume resistivity, 
and a member for the production of semiconductors using the material. 

C3 

2. Related Art Statement 
An electrostatic chuck system utilizing Johnson-Rahbek effect is 

useful for the adsorption and retention of semiconductor wafers. In such 
= ^ system, the volume resistivity of the substrate of the chuck may preferably be 

5 

pi 10 8 to 10 13 Q • cm for improved adsorption force and speed of response. It is 

O 

therefore desirable to control the volume resistivity of the substrate within 10 8 


'^3 to 10 13 Q • C m in a temperature range intended for use, in the development of 
an electrostatic chuck. 

For example, the applicant filed a Japanese patent publication 
(Kokai) with a laid-open number 315867/1997 and disclosed that the volume 
resistivity of aluminum nitride with a high purity may be adjusted to 10 s to 10 13 
Q • C m at room temperature by adding a small amount of yttrium oxide 
thereto. 

Japanese patent publication (Kokoku) with a publication number 
46032/1988 / aiscloses a process for producing an aluminum nitride sintered body. 
According to the claim 1, aluminum nitride powder containing 1 weight percent 
of oxvgen is mixed with 0.01 to 15 weight percent of the oxide of a metal element 
selected among yttrium, lanthanum, praseodymium, niobium, samarium, 
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gadolinium and dysprosiunr to obtain mixed powder. The powder is then 
shaped and sintered to^btain an aluminum nitride sintered body having a high 
thermal conductivity and containing 0.01 to 20 weight percent of oxygen. 
According to "example 1" in the publication, aluminum nitride powder (with a 
mean partible diameter of 1 //m) containing 1 weight percent of oxygen is 
mixed wixh 3 weight percent of samarium oxide to obtain mixed powder. The 
powder is then subjected to hot press at a pressure of 300 kg/cm 2 and a 
temperature of 1800 °C for 1 hour to obtain a sintered body with a heat 
conductivity of 121 W • m/k at room temperature. 

SUMMARY OF THE INVENTION 

The effects of the addition of a rare earth element other than yttrium 
into an aluminum nitride sintered body on its volume resistivity was not 
studied, in the Japanese patent publication (Kokai) with a laid-open number 
315867/1997. In the Japanese patent publication (Kokoku) with a publication 
number 46032/1988, a rare earth element is added to raw powder of aluminum 
nitride for improving the thermal conductivity of the resultant aluminum 
nitride sintered body. The effect of the addition on the volume resistivity of the 
sintered body was not studied. 

An object of the invention is to provide a material, composed of an 
aluminum nitride sintered body, Jiaving a low volume resistivity of not higher 
than 1 X 10 13 Q * C m at room temperature. 

Another object of the invention is to provide an aluminum nitride 
sintered body having a low resistivity at room temperature. 

Still another object of the invention is to provide a member used for 
producing semiconductors, in which the volume resistivity may be controlled 
depending on the application, and to prevent the contamination of 
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semiconductors when the member is exposed to a corrosive gas. 

The invention provides a material having a volume resistivity at 
room temperature of not higher than 1 x 10 13 Q * c m (more preferably not 
higher than 1X10 12 Q • cm). The material is composed of an aluminum 
nitride sintered body containing samarium in a converted content calculated as 
samarium oxide of not lower than 0.04 mole percent. The sintered body 
contains aluminum nitride phase and samarium -aluminum complex oxide 
phase. 

The invention further provides an aluminum nitride sintered body 
containing samarium in a converted content calculated as samarium oxide of 
not lower than 0.04 mole percent. The sintered body contains aluminum 
nitride phase and SmAl n 0 18 phase. 

The content of aluminum in the aluminum nitride sintered body 
should be enough for forming aluminum nitride particles as the main 
phase. The content may preferably be not lower than 35 weight percent, 
and more preferably be not lower than 50 weight percent, of the sintered 
body. 

The inventors have found that the volume resistivity of an aluminum 
nitride sintered body at room temperature may be reduced to 1 X 10 13 Q • cm 
or lower, by increasing the content of samarium as converted content calculated 
as the oxide to 0.04 mole percent or more and by forming aluminum nitride 
phase as well as samarium-aluminum complex oxide phase. Such effect of the 
addition of samarium on the reduction of the volume resistivity of an aluminum 
nitride sintered body has not been known. 

Further, the inventors have studied an aluminum nitride sintered 
body with the reduced volume resistivity (especially the microstructure and 
composition) in detail. Then they found that the volume resistivity is 
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considerably reduced when at least SmA u l0 18 phase is formed in the sintered 
body. 

The inventors have further studied the microstructure of an 
aluminum nitride sintered body with the reduced volume resistivity using 
various kinds of apparatuses described below, and found the following 
characteristic microstructure. Such sintered body has network microstructure 
made of samarium-aluminum complex oxide phase. The oxide phase is 
continuously formed and surrounds aluminum nitride grains in the body. It is 
considered that such network microstructure may contribute to the reduction of 
the volume resistivity. 

According to the Japanese patent publication (Kokoku) with a 
publication number 46032/1988, 3 weight percent of samarium oxide (converted 
content calculated as samarium) is added to raw powder of aluminum nitride to 
provide mixed powder, which is then hot pressed to obtain an aluminum nitride 
sintered body. The publication, however, does not teach the change of the 
volume resistivity of the sintered body. Moreover, the publication does not 
teach the relationship between the precipitation of SmAlllOl8 phase and the 
volume resistivity, as well as the network microstructure formed in the sintered 
body. It is considered that the discovery of the relationship and microstructure 
was beyond the state of art at that time. 

Brief Description of the Drawings 

Fig. 1 is a graph showing the temperature dependency of volume 
resistivity of each of the sintered bodies according to examples 1, 2 and 
comparative examples 6, 7 and 8. 
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Fig. 2 is an X-ray diffraction profile of the sintered body according to 
the example 1. 

Fig. 3 is a phase diagram of alumina-samarium oxide system. 

Fig. 4 shows the results of EPMA analysis of elements in the sintered 
body according to the example 1. 

Fig. 5 shows the results of EPMA analysis of elements in the sintered 
body according to the comparative example 3. 

Fig. 6 shows the result of EPMA analysis of samarium in the sintered 
body according to the example 1. 

Fig. 7 shows the result of EPMA analysis of samarium in the sintered 
body according to the comparative example 3. 

Fig. 8 is a photograph taken by an atomic force microscope showing 
the current distribution analysis image of the sintered body according to the 
example 7. 

Fig. 9 is a photograph taken by an atomic force microscope showing 
the current distribution analysis image of the sintered body according to the 
example 7. 

Fig. 10 is a photograph showing a backscattering electron image 
taken by a scanning electron microscope over the same visual field as Fig. 9. 

Fig. 11 is a graph showing the temperature dependency of volume 
resistivity of each of the sintered bodies according to examples 22 and 30 and 
comparative examples 9 and 10. 


FNGK01 01 US 

Fig. 12 is an X-ray diffraction profile of the sintered bodies according 
to the examples 24 and 25 and comparative examples 9 and 10. 


Fig. 13 shows a backscattering electron image of a polished surface of 
the sintered body according to the example 24. 

Fig. 14 shows a backscattering electron image of a polished surface of 
the sintered body according to the example 25. 

Fig. 15 shows a backscattering electron image of a polished surface of 
the sintered body according to the comparative example 9. 

Fig. 16 shows a backscattering electron image of a polished surface of 
the sintered body according to the comparative example 10. 



— Pr^ f ni " vnrl n mVH i m p nt a , ' = fc £th p Invention 

The converted content of samarium calculated as the oxide may 
preferably be not lower than 0.05 mole percent for obtaining the effects of the 
invention. 

However, when the content of samarium is too large, the thermal 
conductivity of the inventive aluminum nitride sintered body tends to be lower. 
The converted content of samarium calculated as the oxide may preferably be 
not higher than 10 mole percent, and most preferably be not higher than 5 mole 
percent, for preventing the reduction of the thermal conductivity. 

The aluminum nitride sintered body and material according to the 
invention may have a relatively low change of the volume resistivity in a higher 
temperature range, for example temperature range not higher than 300 °C. 



FNGK01 01 US 

Concretely, the activation energy of temperature dependency of volume 
resistivity may be adjusted to not higher than 0.4 eV from room temperature to 
~3'00~~°C~It ; is~thereby possible~to control~the volume resistivit^witEinT a small 
range, preferably from 1 x 10 13 Q • cm to 1 x 10 8 Q • cm, in a wide 
temperature range from room temperature to 300 °C. It is very important to 
reduce the temperature dependency of volume resistivity in a field of susceptor 
or electrostatic chuck described below. 

The aluminum nitride sintered body according to the invention may 
have a higher strength than that of a prior aluminum nitride sintered body with 
a low volume resistivity. Consequently, the mechanical reliability of the 
sintered body may be improved. Particularly when a. member for producing 
semiconductors is made of the sintered body according to the invention, it is 
possible to prevent the falling of particles from the surface of the member, thus 
improving the yield of the semiconductors. 

The samarium-aluminum complex oxide phase may preferably 
contain SmAl^O^ phase and most preferably contain SmA10 3 phase and 
SmAl u 0 18 phase. The phases may be identified by means of an X-ray 
diffraction system using conditions described in "Examples" section referring to 
a phase diagram. 

Aluminum nitride grains in the sintered body may preferably have a 
mean diameter of not lower than 3 jum and not higher than 20 JUL m. 

The iiXventors have further studied the contents of aluminum oxide 
and samariuin oxide and found the following relationship. That is, the volume 
resistivityyof the sintered body at room temperature may be further reduced? by 
controlling the molar ratio of a converted content of samarium calculated as 
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samarium oxide to a cal/^ulated content of aluminum oxide (Sm 2 0 3 / A1 2 0^) 
within 0.05 to 0.5. The content of Sm 2 0 3 may be calculated by converting the 



content of-samarium-element-i^^ Sm 2 0 3 . The 

content of A1 2 0/ may be calculated by the following steps. First, total content 
of oxygen atoms in the sintered body is obtained. Second, the content of oxygen 
in Sm 2 0 3 is^ subtracted from the total content of oxygen to obtain the content of 
remaining oxygen. The content of A1 2 0 3 is calculated under the provision that 
all the /remaining oxygen atoms are bonded with Al atoms to form A1 2 0 3 
molecjules. 

Further, (Sm 2 0 3 / A1 2 0 3 ) may preferably be not lower than 0.08 and 
not higher than 0.4. 

The lower limit of volume resistivity at room temperature of the 
inventive sintered body is not particularly limited, and preferably be not lower 
than 1 x 10 7 Q * cm, and more preferably not lower than 1 X 10 8 Q • cm. 

In the invention, the phase of samarium-aluminum complex oxide 
may preferably be of network microstructure. The term "network 
microstructure" means the following condition. 

The intergranular layers made of samarium -aluminum complex oxide 
are formed along the interfaces (intergranular phase) between aluminum 
nitride grains. The intergranular layers surrounding two adjacent aluminum 
nitride particles are continuously formed. Such network microstructure may 
be confirmed by EPMA. 

The content of carbon in the aluminum nitride sintered body 
according to the invention may preferably be not higher than 0.05 weight 
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percent. 


The— relative-density— of— the~al^ 

preferably be not lower than 95 percent. 

For providing a sintered body suited for applications in which the 
contamination of impurities is to be highly controlled (such as an application for 
producing semiconductors), the total content of metal elements excluding 
aluminum and all the rare earth elements (including samarium) may preferably 
be not higher than 100 ppm, in some cases. The total content may more 
*S preferably be not higher than 50 ppm. 


Py In the aluminum nitride sintered body according to the invention 


}q containing a small amount of samarium, some bodies may exhibit color 
a irregularity of red-brown to brown on their surfaces. The changes or 
*fg deviations of properties corresponding with the color irregularity have not been 
observed. The color irregularity on the surface may, however, be undesirable 
from the viewpoint of preference of a customer. 

The inventors have found that the volume resistivity of the sintered 
body may be reduced without the color irregularity on the surface, by adjusting 
sintering temperature from 1775 to 1825 °C. 

It is also possible to give a color of a low lightness (blackish color) to 
the surface oi the aluminum nitride sintered body, by adding one or more 
transition metal element selected from the group consisting of metal elements 
belonging? to the periodic table IVA, VA, VIA, VIIA and VTIIA. Such color with 
a low lightness may be useful for reducing the color irregularity on the surface. 
Although such added transition metal element may be effective for reducing the 
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lightness of the surface, the effects of the transition metal elements on the low 
volume resistivity and low activation energy of temperature dependency of 
volume resistivity have not been confirmed. 

It is possible to enlarge the sintering conditions (especially 
temperature range) as well as to give uniform appearance, by adding the 
transition metal element to lower the lightness of the surface. In short, it is 
possible to give uniform appearance without controlling the sintering 
temperature within 1775 to 1825 °C. 

The transition metal may preferably be Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, 
W, Mn, Fe, Co or Ni, and most preferably be Ti, Mo or W. 

The transition metal element may be added to raw powder of 
aluminum nitride as a metal alone. The metal element may be added as a 
metal compound such as a metal oxide, metal nitride, metal carbide, a sulfate, 
nitrate and an organic metal compound. Such metal compounds are 
compounds forming metal oxides upon heating (precursors for forming metal 
oxides). The metal or metal compound may be added as powder. Further, the 
metal compound may be dissolved into a solvent to obtain solution, which are 
then added to the raw powder of aluminum nitride. 

The nitride of the transition metal may preferably be present in the 
sintered body with a low lightness. In this case, it is preferred that the nitride 
may be present mainly in intergranular phase or layer between aluminum 
nitride grains. 

TheAluminum nitride sintered body may preferably have a lightness 
of not higher than N4 defined in °JIS Z 8721" and thereby generate a high 
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quantify of heat radiation, thus providing excellent heating property. The 
sint!ered body may be useful for a substrate constituting a heating member such 
^as a ceramic heater and susceptor. 

The lightness will be des<^ribed below. The surface color of a 
substance may be represented by three properties of color perception: hue, 
lightness and chroma. The lightness is a property for representing visual 
perception judging the reflectance of the surface of a substance. The 
representations of the/three properties are defined in "JIS Z 8721". The 
representation of lightness will be briefly described. The lightness "V" is 
defined based on /achromatic colors. The lightnesses of ideal black and ideal 
white are defin/d as "0" and "10", respectively. Achromatic colors between the 
ideal black and ideal white are divided into 10 categories and represented as 
symbols frpm "NO" to "N10". The categories are divided so that each category 
has a salme rate or span in terms of visual perception of lightness. When 
actually measuring the lightness of an aluminum nitride sintered body, the 
surface color of the body is compared with standard color samples corresponding 
withT'NO" to "N10" to determine the lightness of the body. The lightness is 
determined to the first decimal point, whose value is selected from "0" and "5". 

J In one preferred embodiment, the aluminum nitride sintered body 

contains at least 0.04 mole percent of samarium as a converted content as the 
oxide and further contains second rare earth element other than samarium. It 
is thereby possible to carry out fine adjustment (slightly increase) the volume 
resistivity of the sintered body of the invention. Such fine adjustment of the 
volume resistivity may be useful to shift the temperature range suited for the 
function of an electrostatic chuck to a higher temperature range. For example, 
it is provided that an electrostatic chuck may properly operate between room 
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temperature to 400 °C when the chuck is made of the inventive sintered body 
containing no second rare earth element. It is possible to control the 


"temperature range for the proper operation of an electrostatic chuck within 60 
to 500 °C, by adding the second rare earth element to the body. 

However, ywhen the content of the second rare earth element is too 
large, the content of SmA10 3 is increased and the content of SmAl n 0 18 is 
decreased in me intergranular phase, so that the formation of the network 
microstructuxe may be interrupted. This tends to cause the increase of volume 
resistivity and activation energy of temperature dependency of volume 
resistivity. For preventing the problems, the molar ratio of a converted 
content of the second rare earth element "Re" calculated as rare earth oxide 
"Re^0 3 " to a converted content of samarium calculated as samarium oxide 
(Re 2 0 3 / Sm 2 0 3 ) may preferably be not higher than 2.0. The ratio may 
>re preferably be not higher than 1.5 and most preferably be not higher 
lan 1.2. 

For attaining the effect of the fine control of volume resistivity by 
the additiMi of the second rare earth element, the molar ratio of a converted 
content j6f the element "Re" calculated as "Re 2 0 3 " to a converted content of 
sama/ium calculated as the oxide (Re 2 0 3 / Sm 2 0 3 ) may preferably be not 
loyfer than 0.05 and more preferably be not lower than 0.1. 

When/adding the second rare earth element, the crystalline phase 
of the inven/cive sintered body is mainly composed of A1N phase and the 
phase of ^Quminum-samarium complex oxide. The complex oxide phase 
typically contains SmAl u 0 18 phase and SmA10 3 phase. It is considered 
that the second rare earth elements are mainly dissolved into the complex 
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oxide nhase. However, phase of complex oxide of the second rare earth 
element °Re" and aluminum, such as Re 3 A 5 0 12 phase, is formed in some 


lpositions. 

As an additional effect, it may be possible to reduce the lower 
limit of the sintering temperature required for providing an aluminum 
nitride sintered body with a low volume resistivity, by adding the second 
rare earth element in addition to samarium. Further, the strength of the 
sintered body may be improved. 

TJafe second rare earth element other than samarium refers to the 
followi^ sixteen elements! scandium, yttrium, lanthanum, cerium, 
praseodymium, neodymium, promethium, europium, gadolinium, terbium, 
fsprosium, holmium, erbium, thulium, ytterbium and lutetium. 

The second rare earth element may preferably be one or more element 
selected from the group consisting of yttrium, lanthanum, cerium, gadolinium, 
dysprosium, erbium and ytterbium. In particular, it is possible to reduce the 
sintering temperature, to slightly increase the volume resistivity, to produce 
smaller grains and to give a larger strength by adding ytterbium, dysprosium or 
erbium. It is possible to slightly increase the volume resistivity and to give a 
larger strength by adding lanthanum. It is possible to slightly increase the 
volume resistivity by adding cerium or yttrium. 

It is possible to reduce the lightness of the sintered body by adding the 
second rare earth element as well as Ti0 2 . 

In a preferred embodiment, the molar ratio of total of converted 
contents of alf the rare earth elements "Re" (including samarium) calculated 
as the oxides to a calculated content of aluminum oxide (Re 2 0 3 / A1 2 0 3 ) is 0.05 
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to 0.5/ It is thereby possible to considerably reduce the volume resistivity of 
the/sintered body at room temperature. The ratio (Re 2 0 3 / A1 2 0^) may 


referably be not lower than 0.1 and more preferably be not higher than 0.4. 

The raw material of aluminum nitride may be produced by various 
processes, including direct reduction, reduction nitriding and gaseous phase 
synthesis from an alkyl aluminum. 

Samarium oxide may be added to the raw material of aluminum 
nitride. Alternatively, a compound forming samarium oxide upon heating (a 
f«j precursor of samarium oxide) may be added to the raw material of aluminum 
nitride. The precursor includes samarium nitrate, samarium sulfate and 
samarium oxalate. The precursor may be added as powder. Alternatively, a 


fg compound such as samarium nitrate or samarium sulfate may be dissolved into 
B a solvent to obtain solution, which is then added to the raw material. It is 
□ possible to uniformly disperse samarium atoms between aluminum nitride 

fids 

fp particles, by dissolving the precursor of samarium oxide into a solvent. 

U The raw material may be shaped by any known methods including 

dry press, doctor blade, extrusion, casting and tape forming methods. 

When adding the second rare earth element, the oxide of the second 
rare earth element may be added to the raw material of aluminum nitride. 
Alternatively, the compound of the rare earth element, including the nitrate, 
sulfate and alkoxide, may be dissolved into a solvent which may dissolve the 
compound. The thus obtained solution may be added to the raw material. It 
is thereby possible to uniformly disperse atoms of the second rare earth element 
in each region of the sintered body, even when an amount of the added rare 
earth element is very small. 

In a formulating step, raw powder of aluminum nitride may be 
dispersed in a solvent, into which the rare earth element may be added in a 
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form of powder of the rare earth oxide or the solution described above. In a 
mixing step, it is possible to simply agitate the formulation. When the raw 
powder contains aggregates, it is possible to use a mixing and grinding machine, 
such as a pot mill, trommel and attrition mill, for grinding the aggregates. 
When using an additive soluble in a solvent for grinding, it is enough to carry 
out the mixing and grinding step for a short (minimum) time required for the 
grinding the particles. Further, a binder component, such as polyvinyl alcohol, 
may be added. 

£3 The solvent used for the mixing step may be dried, preferably by 

q 

%Q spray dry method. After carrying out vacuum drying process, the particle 

CO 

TU distribution of the dried particles may preferably be adjusted by passing the 
50 particles through a mesh. 

— r~ 

f In a shaping step of the powdery material, the material may be 

W pressed using a mold to provide a disk-shaped body. The pressure for pressing 
raw material is not particularly limited, as long as the shaped body may be 
H handled without causing any fracture. The pressure may preferably be not 
lower than 100 kgf / cm 2 . The powdery material may be supplied into a die for 
hot pressing without particularly shaping the powdery material. 

The sintered body according to the invention may preferably be 
produced by hot pressing a body to be sintered, preferably at a pressure of not 
lower than 50 kgf / cm 2 . 

The sintered body according to the invention may preferably be used 
for various members in a system for producing semiconductors, such as systems 
for treating silicon wafers and for manufacturing liquid crystal displays. 

The invention further provides a member used for producing 
semiconductors. At least a part of the member is composed of an aluminum 
nitride sintered body containing aluminum nitride as its main component and 
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samarium. 

Samarium has the effect of controlling the volume resistivity of an 
aluminum nitride sintere(l~hody r as described above. It is therefore useful for 
controlling the volume resistivity of a member for producing semiconductors 
depending on the specifications required for the members. Samarium atoms 
contained in the sintered body might produce samarium halide when the body is 
exposed to a halogen series corrosive gas. The samarium halide, however, has 
a high melting point and a very low vapor pressure at a high temperature. It is 
thereby possible to reduce or prevent the contamination of semiconductors when 
a member for producing semiconductors is exposed to a corrosive gas (especially 
a halogen series corrosive gas), by forming at least a part of the member by the 
inventive sintered body. 

The member for producing semiconductors according to the invention 
may preferably be an anti-corrosion member, such as a susceptor for a system 
for producing semiconductors. The inventive member is also suitable for an 
article having the above anti-corrosion member and a metal member embedded 
within the anti-corrdsion member. Such anti-corrosion member includes a 
susceptor, a ring and a dome set in a system for producing semiconductors. A 
resistance heating element, an electrode for an electrostatic chuck and an 
electrode for generating high-frequency wave may be embedded within the 
susceptor. 

The sintered body according to the invention has a low volume 
resistivity as described above, and therefore suitable as a substrate of an 
electrostatic chuck. An electrostatic chuck electrode is embedded within the 
substrate of the chuck. It is possible to further embed a resistance heating 
element, an electrode for generating plasma or the like within the substrate. 

Especially in an electrostatic chuck utilizing Johnson-Rahbek effect, 
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it is desirable to control the volume resistivity of a substrate of the electrostatic 
chuck not higher than 1 x 10 13 Q • c m and not lower than 1 X 10 8 Q • cm, 
forimp roving its adsorption force and~speed~of response. An aluminum nitride 
sintered body has high anti-corrosion property against a halogen gas and thus 
suitable as a member for producing semiconductors. The applicant has 
produced aluminum nitride sintered bodies having volume resistivities near 
10 10 Q • c m at room temperature. The applicant has filed an aluminum 
nitride sintered body with a small amount of Y 2 0 3 added (Japanese patent laid 
open publication (Kokai) with a laid-open number 315867/1997) and another 
sintered body with a small amount of Ce0 2 (Japanese patent laid open 
publication (Kokai) with a laid-open number 232598/2000). Each of the 
sintered bodies has a relatively large temperature dependency of volume 
resistivity, and therefore may be used as a substrate of an electrostatic chuck 
only in a relatively small temperature range of about 100 °C. 

The sintered body according to the invention has a small temperature 
dependency of volume resistivity as described above. It is thereby possible to 
control the volume resistivity not higher than 1 X 10 13 Q • c m and not lower 
than 1 X 10 8 Q • c m in a wider temperature range, for example, from room 
temperature to 300 °C. Such electrostatic chuck having a substrate made of 
the inventive sintered body may be used in a wider temperature range while 
preserving its anti-corrosion property, without the necessity of substitution 
with another kind of an electrostatic chuck. 

EXAMPLES 

(Experiment "A") 

Aluminum nitride bodies were produced and their properties were 
evaluated as described below. 
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(l) Production of mixed powder of aluminum nitride and samarium 


oxide 


4~tynes~df^tiN~raw powdery materials were used, including 2 kinds 

"A" and "BY of commercial materials produced by reduction nitriding and 2 
kinds of inaterials "C" and "D" produced by gaseous phase synthesis. "A" 
contain® 0.97 weight percent of oxygen, "B" contains 0.87 weight percent of 
oxygem, °C" contains 0.44 weight percent of oxygen and "D" contains 1.20 weight 
percent of oxygen. A commercial powder of samarium oxide with a purity of 
n^t lower than 99.9 percent and a mean particle diameter of 1.1 JUL m was used. 

Each powder was weighed as shown in tables 1 and 4. Each weighed 
powder was then / ^ubjected to wet blending using isopropyl alcohol as a solvent, 
a nylon pot and nylon media for 4 hours to obtain slurry. After the blending, 
the slurry was collected and dried at 110 °C. The thus dried powder was then 
subjected' to heat treatment in an atmosphere at 450 °C for 5 hours to remove 
carbon^ content contaminated during the wet blending to produce raw mixed 
po\>^aer. In the columns of "ratio (mol %)" of the mixed powder, the ratios of 
powder and Sm203 powder were calculated ignoring the content of 
impurities. 

(2) Shaping and sintering steps 
Each mixed powder was then shaped by means of uniaxial pressing at 
a pressure of 200 kgf / cm 2 to obtain a disk-shaped body with a diameter of 100 
mm and a thickness of 20 mm, which was then contained within a mold made of 
graphite for sintering. 

Each shaped body was sintered by hot pressing at a pressure of 200 
kgf / cm 2 and a temperature of 1700 to 1900 °C for 4 hours and then cooled. 
During the sintering, the shaped body was set in vacuum from room 
temperature to 1000 °C and then nitrogen gas was introduced at a pressure of 
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1.5 kgf / cm 2 from 1000 °C to each sintering (maximum) temperature shown in 
the tables. 

(3) Evaluation 

The thus obtained sintered bodies were processed and then subjected 
to the following evaluation. 
(Density, Open porosity) 

They are measured by Archimedes method using water as a medium. 
(Contents of metal elements) 

They are determined by inductively coupled plasma (ICP) 
spectrometry. 
(Content of Sm203) 

The content of Sm is determined by ICP spectrometry and then 
converted to the content of Sm203. 
(Oxygen content) 

It is determined by inert gas melting infrared absorptiometry 
analysis method. 
(Carbon content) 

It is determined by high frequency heating infrared absorptiometry 
analysis method. 
(Content of A1203) 

The total content of oxygen in the sintered body is obtained. The 
oxygen content in Sm203 was then subtracted from the total content of oxygen 
to calculate the remaining oxygen. The content of A1203 was calculated under 
the provision that all the remaining oxygen atoms constitute A1203. 
(Content of A1N) 

The contents of Sm203 and A1203 calculated as described above are 
subtracted from 100 mole percent to provide the content of A1N. This 
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calculation is performed under the provision that total of the contents of A1N, 
Sm203 and A1203 is 100 mole percent. 
(Crystalline phase) 

It is determined by using a rotating anode type X-ray diffraction 
system "RINT" supplied by "Rigaku Denki ' under the following condition: CuK 
a, 50 k^f 300 mA, and 2 9= 20 to 70 ° . 
(VgKime resistivity) 

It is meas^ed by a method according to °JIS C 2141" from room 
temperature to ygdbout 400 °C under vacuum. The test sample has the 
following parts: a plate with 50 mm X 50mm X 1mm; a main electrode with a 
diameter ov20 mm! a guard electrode with an inner diameter of 30 mm and 
outer diameter of 40 mm; and an applying electrode with a diameter of 45 mm. 
The electrodes are formed of silver. 500 V/mm of voltage is applied and a 
current is read one minute after the application of voltage so that the volume 
resistivity is calculated, 
ictivation energy) 

An activation energy (Ea) of temperature dependency of volume 
resistivity from room temperature to 300 °C is calculated according to the 
following equation. 

In cr=A-Ea/(kT) 
a : electrical conductivity = 1/ p 
k : Boltzman's constant T 
A : a constant 
(Thermal conductivity) 

It is measured by laser flash method. 
(Bending strength) 

A fo^-point bending strength at room temperature is measured 

20 


p : volume resistivity 
absolute temperature 



FNGK01 01 US 




Recording to "JIS R1601". 

(Mean grain diameter of A1N grains) 


The sintered body was polished to form a polished surface, which was 
observed by an electron microscope to determine grain diameter values at 30 
points in a visual field. The average of the 30 values was calculated. 
(Observation of microstructure) 

The distribution of each element was analyzed by EPMA. 

The results of the evaluation of the sintered bodies will be explained. 

(l) Example 1 (refer to tables 1 and 2) 

The above A1N powder °A" was used. 0.235 mole percent of Sm 2 0 3 
was addecj/to the A1N powder to obtain raw mixed powder, which was sintered 
at 180Q/°C to provide a dense body with a density of 3.30 g /cm 3 and an open 
porosity of 0. 04 percent. 

The contents of oxygen, Sm and carbon in the sintered body were 
shown in table 1. The molar ratio of a converted content of Sm calculated as 
Sm 2 0 3 to a calculated content of aluminum oxide (Sm 2 0 3 / A1 2 0 3 ) was 0.258. 

The/volume resistivity was 6 X 10 10 Q • c m at room temperature 
(25 °C) and/fx 10 8 Q • cm at 300 °C. In table 2, "6 x 10 10 " was represented 
as "6E jr 10". The same method of representation will be applied in the 
following tables. 
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Fig. 1 is a graph showing the temperature dependency of volume 
resistivity of the body according to example 1. Fig.l also shows each graph of 
temperature dependency of each sintered body according to each of example 2 
and comparative examples 6 to 8. The activation energy is a slope of a graph 
showing temperature dependency of volume resistivity. The activation energy 
was 0.34 eV (25 to 300 °C) in the example 1, 0.35 eV (25 to 300 °C) in the 
example 2, 1.0 eV (150 to 400 °C) in the comparative example 6, 0.71 eV (25 to 
170 °C) in the comparative example 7 and 0.69 eV (25 to 170 °C) in the 
comparative example 8. The inventive sintered bodies have the activation 
energies considerably lower than those of the sintered bodies of comparative 
examples. 

When a range of volume resistivity of 1 E + 12 to 1 E +8 (l x 10 12 to 
1 X 10 8 )Q • cm is suitable for a substrate of an electrostatic chuck, the 
sintered body of the example 1 satisfies this range from — 30 to 300 °C. 
Similarly, the body of the example 2 satisfies the range from 10 to 400 °C, the 
comparative example 6 satisfies it from 150 to 400 °C and the comparative 
examples 7 and 8 satisfy it from 0 to 120 °C. The sintered body according to 
the invention may be applied to an electrostatic chuck in a temperature range 
considerably wider than that of a prior sintered body. 

The strength, thermal conductivity and mean diameter of A1N 
grains were described in table 2. Particularly, the sintered body according to 
the invention has a strength of 370 MPa, which was higher than those of the 
comparative examples 7 and 8. 

Fig. 2 shows peak profile of X-ray diffraction measurement. 
According to Fig. 2, A1N phase (JCPDS No. 25-1133) and SmA10 3 phase (JCPDS 
No. 46-0394) were identified. Another phase was observed at 20=19, 20, 
22 ° or the like. The peak positions of the another phase correspond with 
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CeAl n 0 18 phase (JCPDS card No. 48-0055). The another phase was thus 
identified as SmAl n 0 18 phase having the same crystalline structure as 
CeAl n 0 18 The presence of SmAl n 0 18 phase was confirmed by a phase diagram 
of Sm 2 0 3 -Al 2 0 3 system shown in Fig. 3 (Phase Diagrams for Ceramists 1975 
Supplement, Fig. 4369). 

Fig. 4 shows the distribution of Sm atoms in the sintered body 
measured by EPMA. Fig. 5 shows the distribution of Sm atoms in the sintered 
body of the comparative example 3. Figs. 4 and 5 also show the distribution of 
N atoms, O atoms and Al atoms. In Figs. 4 and 5, the content of Sm atoms 


Jq corresponds with the lightness in the photograph (refer to a color tone scale in 
£0 

fU the right column of the photograph). Further, Fig. 6 shows the enlarged view 

£ 

(q of the distribution of Sm atoms shown in Fig. 4, and Fig. 7 shows the enlarged 

s view of the distribution of Sm atoms shown in Fig. 5. 

Q As shown in Figs. 4 and/5, Sm phase was recognized in the sintered 

frj body according to the example Vand comparative example 3. In the Sm phase, 
Q / 

%^ Sm atoms were distributed between A1N matrix forming spherical 
entities(designated as "spherical portions"). Further in the sintered body of 
the example 1, characteristic elongate portions were recognized. In the 
elongate portions, tile content of Sm element was lower compared with that in 
the spherical portion. In other words, the spherical portions were brighter 
than the elongate portions. The elongate portions were distributed within the 
intergranular/phase between A1N grains to form a kind of network-like entities. 
The substances constituting the spherical and elongate portions were identified 
by comparing the photographs by EPMA and the results of the above X-ray 
diffraction measurement. Consequently, it is assumed that the spherical 
portions with a higher content of Sm atoms are composed of SmA103 and the 
elongate portions forming network with a lower content of Sm atoms are 
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composed/bf SmA111018. It is speculated that the volume resistivity of the 
sintered body is reduced by the presence of SmAlllOl8 phase in the 


ir^tergranular layers between A1N grains, forming conductive pass. 

(Examples 2 to 10) 

The manufacturing condition of each sintered body and its properties 

were shown in tables 1 and 2. 

When the A1N powder "B", "C" or "D" was used, substantially same 

properties as the example 1 were obtained within a certain range of the content 

of Sm203. particularly when the A1N powder °C" with a low oxygen content 
£3 . 

k Q was used, /he content of Sm203 required for attaining a low volume resistivity 

%□ . 

eti shifted to a lower content range. On the other hand, when the A1N powder "D" 


with sj high oxygen content was used, the content of Sm203 required for 
attaining a low volume resistivity shifted to a higher content range. The 


\a volume resistivity of the aluminum nitride sintered body may be controlled by 
£3 

\a adjusting the molar ratio of the contents of Sm203 to A1203, in addition to the 

CQ 

q cpntent of Sm2 03 (molar ratio) alone. 

(3) Comparative examples 6 to 8 (table 3) 

The comparative example 6 was an A1N sintered body without an 
additive. Its volume resistivity at room temperature was high (2 X 10 14 Q • c 
m) and the activation energy of temperature dependency was high (1.0 eV : 150 
to 400 °C : refer to Fig. l). 
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The comparative example 7 provides an A1N sintered body with a 
small amount of Y203 added and a low volume resistivity. The volume 


resistivity at room temperature was as low as 8 x 10 10 Q • c m, and the 
resistivity at 300 °C was not higher than 1 x 10 7 Q • cm. The temperature 
dependency of volume resistivity was, therefore, large. The activation energy 
of the temperature dependency was as large as 0.71 eV (25 to 170 °C). 

The comparative example 8 provides an A1N sintered body with a 
small amount of Ce02 added and a low volume resistivity. Although the 
volume resistivity at room temperature was reduced as the comparative 
^3 example 7, the resistivity at 300 °C was not higher than 1 x 10 7 Q • c m. The 
temperature dependency of volume resistivity was large. The activation 
energy of the temperature dependency was as large as 0.69 eV (25 to 170 °C). 
(4) Examples 11 to 14 (tables 4 and 5) 
Sintered bodies were produced according to substantially the same 

?^ 

':i procedure as the example 1 (Tables 1 and 2), except that A1203 powder and 
SmA103 powder were added simultaneously. The properties of each sintered 
body were then evaluated. Commercial A1203 powder having a purity of not 
lower than 99.9 percent and a mean particle diameter of 1 to 2 fJL m was used. 
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In the examples 11 to 14, the ratio (Sm 2 0 3 / A1 2 0^) was about 0.2 in 
the sintered bodies. The volume resistivity at room temperature of each 


sintered body was as low as 1 x 10 9 Q • cm to 1 X 10 n Q • c m. The 
activation energies from room temperature to 300 °C were as low as 0.33 to 0. 
36 eV. The other properties were shown in Fig. 5. 

As shown above, when A1 2 0 3 was added into raw material, it is still 
possible to attain a low resistivity and low activation energy by adjusting the 
amount of added Sm 2 0 3 so that the ratio (Sm 2 0 3 / Al 2 O s ) of the sintered body 

3 falls within a predetermined range. 

i 

□ (Experiment B) 

y (Confirmation of conductive mechanism and conductive path in the 

CO sintered bodies according to the invention) 

sea * 

The current distribution analytic images of the sintered body 
"3 according to the example 7, taken by an atomic force microscope (AFM), were 
;n shown in Figs.>8 and 9. The test sample has a shape of a plate with dimensions 
of 2 mm x A mm x 0.2 mm. The face of the sample for current distribution 
I * analysis yas polished. The analysis was carried out using a model "SPM stage 
^ D 3100* (probe type "DDESP") supplied by Digital Instruments. The 
measurement was performed on contact AFM current measurement mode. A 
direct current (DC) bias was applied on the lower face of the sample and the 
current distribution on the polished face was measured using the probe. 

The DC bias in Fig. 8 was + 18 V and the visual field was 100 ju m 
X 100 jum. The current is larger in a white and bright region, indicating 
that the conductivity is high. As can be seen from the figure, current flow 
forms a kind of network microstructure. Therefore, the microstructure 
contains network-like continuous phase with a low resistivity. 

Fig. 9 shows the current distribution in the central region of the 
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image of Fig. 8. DC bias was +12 V and visual field was 20 //mx20 jum. 
Fig. 10 shows a backscattering electron image of the same visual field as Fig. 9, 
as well as crystalline phases obtained by TEM (transmission electron 
microscope). According to the TEM analysis, it is confirmed that SmA111018 
constitutes at least a part of the network microstructure and at least a part of 
SmA103 phase is present as isolated phase. 

Conductive mechanism and conductive path in the sintered body 
according to the example 7 is made clear, by comparing Figs. 9 and 10 with each 
other. That is, bright and white regions in the current distribution of Fig. 9 
(regions of larger current flow) correspond with SmAl n 0 18 phase constituting 
the network microstructure formed along intergranular phase shown in Fig. 10. 
It is thereby confirmed that SmAl n 0 18 phase has a low resistivity and thus 
forms conductive path. SmA10 3 phase is dark in the current distribution 
image, indicating a low current and relatively high resistivity. 

In the/ example 7, SmAl u 0 18 phase is continuous along the 
intergranular pnase of A1N grains of the sintered body (along the outer surfaces 
of the grains), forming a kind of network microstructure. Apparently, if 
another phase made of a samarium-aluminum complex oxide other than 
SmAl n O( 8 forms continuous network microstructure, such microstructure 
contributes to the reduction of volume resistivity of an aluminum nitride 
sintered body. Such complex oxide includes (Sm, A) (Al, B) n (O, C) 18 . "A" 
represents an element replacing a part of samarium site, "B" is an element 
replacing a part of aluminum site, and "C" is an element replacing a part of 
oxygen site. "A", "B" and "C" include the following elements. 

"A" includes the second rare earth element other than samarium as 
described abcfVe. "B" includes Mg, Ga, Ti, Fe, Co, V, Cr, Ni or the like. °C" 
includes N/or the like. 
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(Experiment C : Examples 15 to 21 : Reduction of lightness of surface 
color of aluminum nitride sintered body) 


Aluminum nitride sintered bodies were produced substantially same 
as the experiment "A". The formulation of raw material in the examples 15 to 
19 was samre as that in the example 7. The formulation of raw material in the 
examplea/20 and 21 was same as that in the example 12. Ti02 (a purity of 99.9 
percent/ : a mean particle diameter of not higher than 1 jum) was added to the 
raw material of each example in a predetermined amount shown in table 6 as a 
blackening agent. The manufacturing and evaluating processes were same as 
tho^se in the example 7. 

Table 6 shows tb& formulation of raw material, sintering conditions, 
results of chemical analysis of elements in the sintered body, and the converted 
contents of metal elements in each sintered body according to each example. 
Table 7 shows the/properties of each of the resulting sintered bodies. In table 6, 
an amount of added Ti0 2 is represented as an amount (mole percent) calculated 
on the provision that total of amounts of A1N, Sm203 and A1203 is 100 mole 
percent. /The content of Ti in each sintered body was determined by an 
inductively coupling plasma (ICP) spectrometry. The lightness of the surface 
color was determined according to "JIS Z 8721' 
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The surface color of each of aluminum nitride sintered bodies 
according to the examples 15 to 21 was blackish, uniform, and had a lightness of 
about N3 to N4. It was possible to prevent color irregularity and to obtain 
uniform color tone within sintering temperature range of 1800 °C to 1950 °C. 

The resistivity of each of sintered bodies according to the examples 15 
to 21 was similar to that of the sintered body according to the example 7 without 
Ti02 addition. In other words, each of the above sintered bodies provided a 
low volume resistivity and low activation energy of temperature dependency of 
volume resistivity. Although the resistivity was slightly decreased as the 
sintering temperature becomes higher, the activation energy was not 
substantially affected. 

The strength, thermal conductivity and mean grain diameter of each 
sintered body were substantially same as those of the inventive sintered body 
without the addition of the blackening agent. The grain diameter tends to be 
larger when applying a higher sintering temperature. 

Other than A1N phase, SmA103 phase and SmA111018 phase were 
identified as Sm containing phases, and TiN phase was identified as Ti 
containing phase. An unidentified small peak was distinguished. 

It was confirmed that the Ti containing phase was present in 
intergranular phase between A1N particles as isolated phase with a diameter of 
not higher than 3 jum, based on the analysis of microstructure by EPMA and 
backscattering electron images. The distribution of Ti containing phase within 
the Sm intergranular phase, as well as that within the A1N particles, were not 
determined. The distribution of Sm containing phase was substantially same 
as that in Fig. 6, forming network microstructure along the intergranular phase 
between the A1N particles. 

(Experiment "Ji y ^^^^am.p\es 22 to 33 and comparative examples 9 
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and 10 y The effects of the addition of a second rare earth element other than 
samarium) 

C Commercial powder of Y 2 0 3 , La 2 0 3 ,Ce0 2 Gd 2 0 3 , Dy 2 O a , Er 2 0 3 , or 

Yb 2 0 3 (eaoi powder has a purity of not lower than 99.9 percent and a mean 
particle^aiameter of not higher than 2 JUL m) was used as a source of second rare 
eartla element. The above reduction nitriding powder "B" was used as A1N 
powder. Sm 2 0 3 powder used was the same as that in the experiment "A". 
* Each igfowder was weighed according to the compositions shown in 

Table 8, and then each raw mixed powder was produced, shaped and sintered to 
obtain eacli sintered body, which was then evaluated, according to the same 
procedure in the experiment "A". The molar ratios of A1N powder, Sm203 
powder and powder of the second rare earth oxide were calculated ignoring the 
con/ent of impurities. Table 8 also shows each sintering temperature. 

The basic compositions of A1N and Sm203 and the sintering condition 
in the examples 22 to 25 and 27 to 33 were the same as those in the example 6. 
The basic compositions and sintering condition in the example 26 were the same 
as those in the example 7. That is, each second rare earth element was added 
to the formulation of each example 6 or 7 and sintered under the same condition 
to provide the sintering body of each of the examples 22 to 33. Table 8 also 
shows the compositions (chemical analysis data) of the sintering body of each 
example. 
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/ 

In tne column "compositions of sintered body", the contents of Sm 2 0 3 , 
the rare eayth oxide and A1 2 0 3 were calculated based on the contents obtained 
by^chemiaSl analysis of Sm, rare earth element and oxygen, according to the 
following procedure. 
(Content of Sm203 : mole percent) 

The content of Sm is determined by ICP analysis and then converted 
to the content of Sm203. 

(Converted content of second rare earth element calculated as oxide) 

The content of a rare earth element (Re) is determined by ICP 
analysis. The content is then converted to the content of Re203. When the 
rare earth element is cerium, the content of cerium is converted to the content of 
CeC>2. 

(Content of A1203) 

The total content of oxygen in the sintered body is determined by 
infrared absorptiometry. Both of the oxygen contents in Sm203 and in the 
second rare earth oxide were subtracted from the total content of oxygen to 
calculate the remaining oxygen. The content of A1203 was calculated under 
the provision that all the remaining oxygen atoms constitute A1203. 
(Content of A1N : mole percent ) 

The contents of/6m203, the oxide of the second rare earth element 
and A1203 calculated^ as described above were subtracted from 100 (mole 
percent) to provider the content of A1N. Each content of each component was 
represented usnig "mole percent" as a unit. This calculation is performed 
under the provision that total of the contents of A1N, Sm203, A1203 and the 
oxide of the second rare earth element is 100 mole percent. 
(Ratio of the second rare earth element / Sm203) 

The molar ratio of the content of the oxide of the second rare earth 
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element (converted amount as the oxide) to the content of Sm203 (converted 
content as the oxide) was calculated. 

(Ratio of total of contents of all the rare earth oxides / A1203) 

The molar ratio of total of the contents of all the rare earth oxides to 
the content of A1203 was calculated. 
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Aluminum nitride sintered bodies according to the examples 22 to 33 
have low volume resistivities not higher than 1 x 10 13 Q • C m at room 
temperature and the differences of the resistivities at room temperature and 
300 °C were small. Low activation energies not higher than 0.4 eV were also 
obtained. 

The sintered bodies according to the comparative examples 9 and 10 
contained large amounts of the second rare earth elements forming complex 
oxides, providing a higher volume resistivity and a higher activation energy of 
temperature dependency of the resistivity. 

Fig. 11 shows the temperature dependency of volume resistivity of 
the sintered body in each of the examples 22 and 30 and comparative examples 
9 and 10, as representative samples showing resistivity change at a high 
temperature range. It is thereby possible to properly operate an electrostatic 
chuck within a wide temperature range of about 60 to 500 °C, when the sintered 
body of the example 30 is used as a substrate of the chuck. 

Further, the properties of the sintered bodies according to the 
examples 22 to 33 were compared with those of the bodies according to the 
examples 6 and 7 without the addition of the second rare earth element. 

When Yb203 was added (examples 22 and 33), or Dy203 was added 
(examples 30 and 31), or Er203 was added (examples 32 and 33), the resistivity 
may be slightly increased and the strength may be improved, by adding 0.04 to 
0.05 mole percent of the rare earth oxide. Especially in the examples 22, 30 
and 32, it was possible to lower the sintering temperature to 1750 °C and to 
obtain a dense body still maintaining a mean grain diameter at about 3 jum. 
It was thereby possible to attain a strength higher than 520 MPa. 

When La203 was added (example 28), the content of La203 was 
0.015 mole percent, the molar ratio of the content of La203 / content of Sm203 
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was 0.18 and the volume resistivity was 4 x 10 12 Q * c m. It was thereby- 
possible to increase the volume resistivity by adding a smaller amount of the 
second rare earth element compared with the compositions with the other 
second rare earth element added. Moreover, the thus obtained sintered body 
has a strength higher than 500 MPa. 

It is also possible to slightly increase the resistivity by adding Ce02 
(examples 24, 25 and 26) or Y203 (example 27), as the other formulations. 

In each of the above examples, the thermal conductivity of the 
sintered body is not lower than 100 W/mK and exhibits a high thermal 
conductivity. 

SmAlllOl8 phase and SmA103 phase were identified as the 
intergranular phase, in addition to the main phase (A1N phase), in each of the 
above sintered bodies. In some examples, a trace amount of a crystalline phase 
of Re3Al50l2 type (Re is a rare earth element) was identified. 

In the intergranular phase of each sintered body according to the 
examples 22 to 33, the distribution of the elements was substantially same as 
that shown in Fig. 6, and Sm containing phase is formed along the 
intergranular phase between A1N particles, forming network microstructure. 

Fig. 12 shows X-ray diffraction profiles of the sintered bodies 
according to the examples 24 and 25 and comparative examples 9 and 10. In 
the examples 24 and 25 and comparative examples 9 and 10, as shown in table 8, 
the amount of S5m203 was maintained constantly and the amount of Ce02 is 
increased stepwise when formulating the raw mixed powder. In Fig. 12, the 
diagrams pi the examples 24, 25, and comparative examples 9, 10 were 
arranged' vertically in series. Peak "C" is a representative peak of SmA111018 
phase yand peak °D" is a representative peak of SmA103 phase. Cuka ray 
and /urrent of 50 kV and 300 mA were used. 
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Figs. 13, 14, 15 and 16 show backscattering electron images of 
polished surfaces of the sintered bodies according to the examples 24 and 25 and 
comparative examples 9 and 10. The brighter the image is, the larger the 
content of atoms with large atomic numbers. Therefore, a larger amount of 
samarium atoms or the second rare earth atoms are present in a brighter region 
in the image. 

In Fig. 13, blackish particles are identified as A1N particles. The 
intergranular phase is composed of the two phases • white and dispersed 
(isolated) phase, and gray, elongate and continuous phase mainly constituting 
network microstructure. It is considered that the white and dispersed phase is 
mainly composed of SmA103 phase, by comparing the distribution of lightness 
in intergranular phase and Fig. 12. The gray and elongate intergranular 
phase, mainly constituting network microstructure, has a lightness lower than 
that of the dispersed phase, indicating that the contents of Sm and the other 
rare earth element are lower. It is therefore considered that the elongate and 
network shaped phase is mainly composed of SmA111018 phase. 

The network microstructure, same as that shown in Fig. 13, may be 
recognized in Fig. 14 (example 25). Further, SmAlllOl8 phase and SmA103 
phase may be identified in X-ray diffraction diagram of Fig. 12. 

In Fig. 15 (comparative example 9), the amount of cerium was 
increased. In the example, intergranular particles with a high lightness are 
grown to form large particles and are unevenly distributed. The gray and 
elongate continuous phase is almost diminished. Consequently, the network 
microstructure shown in Figs. 13 and 14 may not be easily recognized. 
Responsive to this change, in X-ray diffraction diagram in Fig. 12, the strengths 
of characteristic peaks of SmA103 phase are slightly increased and the 
strengths of characteristic peaks of SmA111018 phase are considerably 
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decreased. Such tendency is more clear in the comparative example 10 
corresponding with Figs. 12 and 16. The intergranular phase is composed of 
white"and~isdated "phase (SmAIOS) without any network microstructure 
(SmA111018). 

It is speculated that the characteristic properties of the sintered body 
according to the invention are provided through the following mechanism. 
(Fine adjustment of volume resistivity) 

The reason of the increase of volume resistivity by the addition of a 
second rare earth element is not clearly understood. A part of the added rare 
earth element might replace a part of Sm atoms of SmAlllOl8 phase and be 
dissolved into the phase to slightly change the properties. That is, the 
dissolved rare earth element might trap electrons working as carriers. 
Alternatively, the rare earth element might reduce non-stoichiometric property 
in Sm site or oxygen site so as to reduce defects and thus carriers. 

(Improvement of strength) 

The fracture of the aluminum nitride sintered body with the second 
rare earth oxide added mainly takes place along the intergranular phase. It is 
considered that the second rare earth element is dissolved into the Sm-Al-O 
intergranular phase to improve the strength of the intergranular phase, so that 
the overall strength of the body is improved. 

(Densification of the sintered body is possible at a lower sintering 
temperature) 

In some compositions, it is possible to realize sufficient densification 
at a lower sintering temperature by adding a second rare earth element. It is 
considered that SmAlllOl8 may be converted to liquid phase at a lower 
temperature, thus contributing to the reduction of sintering temperature, by 
simultaneously adding the second rare earth element. 
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As described above, it is possible to provide a material with a low 
volume resistivity at room temperature composed of an aluminum nitride 
sintered~body\ 
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